INTRODUCTION 1
Low birth weight is a major global health problem because it affects a large number of 2 babies worldwide and is associated with a wide range of short-and long-term 3 consequences on morbidity and mortality [1, 2] . According to the World Health 4 Organization (WHO), birth weight of less than 2500 grams, irrespective of gestational In BDHS 2014, mothers were asked about the perceived size at birth of their children 3 born in the three years preceding the survey. The available responses were very large, 4 larger than average, average, smaller than average, and very small at birth. For our 5 analysis, we categorized those with responses very small and smaller than average as 6 low birth weight babies, and those with very large, larger than average, and average as 7 normal weight babies. BDHS 2014 did not have information on birth weight and 8 therefore, we could not define low birth weight based on conventional cut-off of less 9 than 2500 grams. However, a previous validation study using DHS data from 1 0
Cambodia, Kazakhstan and Malawi suggested that mother's perception of baby's size 1 1 at birth agreed well with recorded birth weight and could be a useful tool to obtain more 1 2 accurate estimates of low birth weight [8] . their respondents by using face-to-face interview with standardized questionnaires, 1 7 taken by trained personnel. In this study, we grouped the available explanatory 1 8 variables into three groups: child, maternal, and socioeconomic. Child variables were 1 9 age, sex, and birth order of the child. Maternal factors were mother's age at birth, 2 0 maternal undernutrition, parity, number of antenatal care (ANC) visits. Socioeconomic 2 1 variables included area of residence, mother's education level, and household wealth 2 2 index.
2 3 1 ≥ 30 years. We also categorized number of ANC visits into three groups: no visit, 1-3 2 visits, and ≥ 4 visits. Parity was dichotomized (i.e. 0-2, and ≥3) while maternal 3 undernutrition was defined based on body mass index (BMI) <18.5 kg/m 2 . BMI was 4 calculated based on the measured height and weight at the time of survey. Place of 5 residence (rural and urban) was defined according to country-specific definitions.
6
Mother's education was grouped into no education, primary, secondary, and higher. For 7 household's wealth index, BBS constructed a country-specific index using principal 8 components analysis from data on household assets including durable goods (i.e. 9 bicycles, televisions etc.) and dwelling characteristics (i.e. sanitation, source of drinking 1 0 water and construction material of house etc.) [7] .This wealth index was then 1 1 categorized into five groups (i.e. poorest, poorer, middle, richer, and richest) based on 1 2 the quintile distribution of the sample. All of our analyses were stratified by sex of the child. We first looked at the percent 1 6 distribution of all included child, maternal, and socioeconomic characteristics of the 1 7 participants. For calculating prevalence of low birth weight, we followed the DHS guide's 1 8
instructions for analysis -we used the sampling weights given in the dataset to yield 1 9 estimates which were representative of the Bangladeshi population [9] . 95% confidence 2 0 intervals (CIs) for prevalence estimates were calculated using a logit transform of the 2 1 estimate. We then used simple logistic regressions to estimate crude odds ratios (ORs) 2 2 for low birth weight with 95% CIs, by maternal and socioeconomic factors. We also estimated adjusted ORs for birth weight using multiple logistic regression by adjusting 1 for child, maternal, and socioeconomic variables, as required.
2
All analyses were performed using Stata v14.2 (Statacorp, College Station, TX, USA).
3
Considering the two-stage stratified cluster sampling in BDHS 2014, we applied Stata's 4 survey estimation procedures ("svy" command) for regression analyses. Table 1 shows the percent distribution of all characteristics of the participants. A total of 1 0 4728 children (55% male) had valid information on size at birth. They had equal 1 1 distribution for current age while most (60%) of them had birth order of two or more. At had four or more ANC visits while 21% had no visit. Most (~75%) of the included 1 5 children were from rural area. Almost half of the mothers had secondary education and 1 6 household wealth index was distributed in almost equal five groups. There were no 1 7 significant differences between male and female children for these characteristics 1 8 (Table 1) . The overall prevalence of low birth weight in Bangladesh was 17.8% and 22.4% for 2 1 male and female children, respectively ( Figure 1 ). Prevalence of low birth weight was particularly higher, irrespective of child's sex, if mother's age was less than 20 years at 1 the time of child's birth, mother had no ANC visit, and mother was undernourished 2 (Table 2) . There was no significant difference in low birth weight prevalence by parity.
3 Table 3 shows the prevalence of low birth weight by socioeconomic factors. There were 4 significant differences in prevalence by maternal education and household wealth index.
5
Mothers with no education had 26% of low birth weight both in male and female babies. In unadjusted models, having no ANC visits, and maternal undernutrition were found to 1 3 be significantly associated with low birth weight for both male and female children. The 1 4 association for younger maternal age at birth was significant only for male children 1 5 (Table 2) . When we adjusted for socioeconomic variables to see whether they can 1 6 explain the associations of maternal factors with low birth weight, we found that 1 7 maternal age at birth <20 years (OR 1.40, 95% CI 1.09-1.78 vs. 20-29 years) and 1 8 maternal undernutrition (OR 1.33, 95% CI 1.05-1.69) were associated with low birth was explained by socioeconomic factors (Table 2) .
0
For both male and female children, mother with no education (adjusted OR 2.46, 95% 1 CI 1.49-4.05) and primary education (adjusted OR 1.66, 95% CI 1.06-2.60) had higher 2 likelihood of having low birth weight babies when compared to mothers with higher 3 education, even after adjustment for maternal factors. In compared to households with 4 richest wealth index, children born in households with poorest wealth index were more 5 likely to have low birth weight (adjusted OR 1.58, 95% CI 1.07-2.32 in males, and 6 adjusted OR 1.42, 95% CI 0.98-2.05 in females) (Table 3 ). There was no association 7 between area of residence and prevalence of low birth weight. In this study, we found that nearly one in every five children born in Bangladesh had low 1 1 birth weight and factors like younger maternal age at birth, inadequate ANC visit, and 1 2 maternal undernutrition were associated with increased prevalence of low birth weight.
3
Also, there were inequalities in low birth weight burden by mother's education and 1 4 household's wealth index.
1 5
The prevalence of low birth weight in our study using mother's perception about baby's 1 6 size at birth was about 20%. According to the National Low Birth Weight Survey 1 7
Bangladesh 2015, the prevalence of low birth weight using the WHO cut-off of <2500 for defining low birth weight have increased reliability of our findings. That report found 2 0 that baby girls suffered more from low birth weight than boys, and we also found higher 2 1 prevalence of low birth weight among girls (22% vs. 18% among boys). Similar findings 1 1 on sex-difference in low birth weight prevalence was also observed in studies from other 1 low and middle-income countries [11] . Moreover, current literature suggests that the 2 likelihood of mortality during infancy is higher among male babies with low birth weight 3 than female babies with low birth weight [12, 13] . Little is known about which factors 4 contributes to the sex-difference in low birth weight. Our results also suggested that the 5 burden of low birth weight in Bangladesh reduced significantly over the last decade -6 from 30% in 1998 to 20% in 2014 [14] . This reduction in low birth weight has also 7 contributed to reduction of infant mortality in Bangladesh [15] . 8 We found that younger maternal age at birth was significantly associated with low birth 9 weight among boys, even with adjustment for socioeconomic factors. This suggests that 1 0 the association between them cannot be explained by the confounding effects of 1 1 socioeconomic factors. We did not observe a significant association for girls, but it's not mechanisms for this association [16] [17] [18] . We also observed significant adverse effects 1 5 of maternal undernutrition on low birth weight, independent of socioeconomic status. shouldn't contribute to low birth weight in Bangladesh [21] . Maternal under-nutrition is 2 0 related to intra-uterine growth retardation leading to low birth weight. This is because 2 1 the mother and the fetus compete for nutrition during the pregnancy and under-nutrition 2 2 in mothers can worsen the situation [19] . In our data, 28% mother was younger than 20 years at the time of their baby's birth, which explains further needs for preventing child 1 marriage and promoting family planning to the younger women. According to a recent 2 nationwide survey in Bangladesh, adolescent pregnancy was more likely to be 3 associated with infant mortality, low birth weight, and stillbirth in newborns [22] . 4 ANC visit has been playing a pivotal role in reducing maternal mortality, perinatal 5 complications, and low birth weight [23, 24] . Our study showed higher odds of low birth 6 weight amongst those who did not have any ANC visit when compared to those who 7 had 4 or more ANC visits. Such association is highly likely to be confounded by lower 8 socioeconomic status because mothers are less likely to have ANC visit and have 9 higher chance of babies with low birth weight. When we adjusted for area residence, and Nepal also found that mothers who had access to ANC during pregnancy had 1 3 significantly lower risk of delivering a low birth weight baby [25, 26] . Some studies also babies was significantly higher when compared with mothers with higher education.
8
Similarly, a recent study conducted in Malawi reported that mothers with no formal 1 9 education were more likely to give birth babies with low weight [28] . It is understandable 2 0 that lower level of education may result in limited access to ANC care as well as low 2 1 knowledge about healthy diet. It is also difficult for an uneducated mother to adhere to 2 2 health promotion messages [29] [30] [31] . However, in our study we controlled for mother's 1 3 age, maternal undernutrition and number of ANC visits, and the association between 1 mother's education and low birth weight remained significant.
2
Our study also showed that mothers from poor socioeconomic background had higher 3 odds of having babies with low weight. After adjustment for maternal factors, the 4 association remained significant among boys while it was near to reaching statistical 5 significance among girls. The socioeconomic inequalities in low birth weight was also 6 observed in other settings [11] . Understanding the underlying pathways linking poor 7 wealth and low birth weight is complex, partly because poor social status can affect 8 many factors of a pregnancy which can lead to low birth weight. Some studies 9 suggested that poor mothers could not afford paying for prenatal care services [32,33], 1 0 but in Bangladesh ANC visit are made free of cost by the government. We did not find 1 1 any significant difference for low birth weight between rural and urban areas. One of the limitations of our study is using mother's perception of child's size at birth to 1 3 define low birth weight. However, a recent paper suggested that mother's perception of 1 4 birth size is a good proxy for birth weight in large nationally representative surveys [8].
5
Also, our observed prevalence of low birth weight was similar to that of a recent study in 1 6
Bangladesh which used measured birth weight to define low birth weight (<2500 grams) 1 7
[22]. Also, there could be residual confounding due to unmeasured variables as well as 1 8 inadequate reporting. Therefore, it is important to identify the relative contributions of 1 9 maternal and socioeconomic factors on low birth weight prevalence with caution -so 2 0 that effective public health interventions can be taken to curb the burden of low birth 2 1 weight in Bangladesh. Mother's education can be an effect measure modifier because 2 2 self-reported child's size at birth can vary widely by mother's education level. As a 1 4 sensitivity analysis, we looked at the associations among subgroups of women by their 1 education level and found no differences in relevant estimates (data not shown).
2
Prematurity is responsible for large number of low birth weight babies, but we did not 3 have information about gestational age and thereby could not take prematurity into 4 account in our study. The strengths of our study are large sample size, nationally-5 representative sample, and availability of large number of maternal and socioeconomic 6 variables. Also, to the best of our knowledge our study is the first study in Bangladesh 7 that has looked at the factors for low birth weight separately among boys and girls.
8
In conclusion, our study highlighted that the prevalence of low birth weight is still high in 9
Bangladesh and higher among girls than boys. We identified that mother's age less than 1 0 20 years, undernutrition, and no ANC visit during pregnancy are associated with higher 1 1 likelihood of having low birth weight babies. Socioeconomic inequalities in low birth 
